binding affinities in the nM to low M range, with the terchange the guanine/adenine specificities within the aptamer domains. affinities decreasing from 10-to 100-fold on proceeding from the aptamer domain alone to the intact riboswitch.
Riboswitches appear to control gene expression by metabolite-modulated allosteric interconversions beThese numbers reflect the need for riboswitches to dynamically and rapidly regulate gene expression in both tween alternate base-paired structures. The adaptive conformational transitions associated with metabolite a temporal and a spatial manner, while retaining the selectivity of the response to a specific subset of the orbinding to the aptamer domains are then harnessed through the expression platform. The xpt G-riboswitch ganism's genes.
A search was undertaken to identify purine-sensing has been shown to control gene expression through transcriptional termination [23] . Thus, the mRNA forms mRNAs by examining the regulatory mechanisms of purine metabolism. These efforts focused on the xptan antiterminator in the absence of guanine, thereby allowing RNA transcription elongation to proceed to pbuX Bacillus subtilis operon (hereafter termed xpt) that encodes genes involved in guanine metabolism and is completion ( Figure 1A These results establish that the same mRNA aptamer fold can facilitate transcriptional termination and actitude. Further, substantial loss of binding affinity was associated after alteration of every functional group on vation on the one hand and translational activation on the other, depending on the composition of the expresthe guanine ring, suggesting that the guanine is completely encapsulated within the RNA fold in the comsion platform. We now report the crystal structures of adenine plex [23] .
It has been recently demonstrated that the ydhL bound to the aptamer domain of the adenine-sensing add mRNA and guanine bound to the aptamer domain gene, encoding for the putative purine efflux pump of B. subtilis, and the add gene, encoding for adenine deof the guanine-sensing xpt mRNA. Our successful structure determination highlights the molecular prinaminase from Clostridium perfringens and Vibrio vulnifciples by which a single nucleotide is capable of altericus, harbor mRNA elements that sense adenine [24] .
ing binding specificity [23, 24] and thereby switching The secondary structure of the aptamer domain of the gene expression patterns. Our structures complement ydhL adenine-sensing mRNA ( Figure 1B) is very similar the results in a just-published paper by Robert Batey to its xpt guanine-sensing mRNA counterpart. The ydhL and coworkers on the crystal structure of a natural guamRNA binds most tightly to 2,6-diaminopurine (10 nM nine-responsive riboswitch complexed with the metabaffinity) and less tightly (300 nM affinity) to adenine and olite hypoxanthine [33]. 2-aminopurine. It also discriminates against guanine (>10,000 nM affinity) and purine (30,000 nM affinity). The guanine-sensing xpt and adenine-sensing ydhL Results mRNAs differ within the junction-connecting regions of their aptamer folds at three positions [24] . Two of these Adenine-and Guanine-Riboswitch Complexes occur at positions that are known to be variable and Our structural studies were initially undertaken on the are unlikely to influence ligand recognition. The third adenine-sensing B. subtilis ydhL and V. vulnificus add difference occurs at position 74, which is C in the guamRNA aptamer domains and the guanine-sensing B. nine-sensing xpt mRNA and U in the adenine-sensing subtilis xpt mRNA aptamer domain. The well-established ydhL mRNA. Replacing this C with U in the xpt RNA B. subtilis xpt G-riboswitch and the ydhL A-riboswitch difalters its specificity from guanine to adenine; replacing fer in over 20 nucleotide positions spanning the aptamer the corresponding U with a C in the ydhL RNA alters its domain and are significantly different in the expression specificity from adenine to guanine [24] . Thus, remarkaplatform sequences, leading to either repression or activation of transcription, respectively (Figures 1A and bly, single-nucleotide substitutions can be used to in- effects on ligand binding and release.
Graphics Experimental Procedures
The figures were prepared with PyMOL (http://pymol.sourceforge. net/) and nuccyl (http://www.mssm.edu/students/jovinl02/research/ RNA Preparation nuccyl.html) software. The DNA fragments for riboswitch production were prepared by the annealing of chemically synthesized oligonucleotides. The DNA fragments were placed under control of the T7 promoter by cloning Supplemental Data into StuI and HindIII sites of the pUT7 vector [45] . The add and Crystallographic data for the riboswitch-ligand complexes, as well xpt mRNAs were synthesized by in vitro transcription with T7 RNA as NMR spectra for the ydhL A-riboswitch bound to various lipolymerase with linearized plasmid DNA as templates. Self-cleavgands, are available at http://www.chembiol.com/cgi/content/full/ ing hammerhead ribozyme sequence was added at the 3#-end of 11/12/1729/DC1/. each RNA for subsequent cleavage to ensure length homogeneity. Purification of the transcripts was performed on 15% denaturing gels and was followed by cation exchange chromatography on MonoQ column (Amersham) and ethanol precipitation.
